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Abstract
Tamarix aphylla L. (Locally known as Athel) was selected for the present investigation.
It is native to Middle East (which include UAE), North Africa and south Asia. The tree
is drought, heat and salt tolerant. It has some traditional uses. The research leading to
standardize the propagation of Tamarix aphylla L. is very rare and therefore it is not
widely exploited in the urban landscaping. The present study was aimed to standardize
the methodology and substrate for rapid propagation of Tamarix aphylla L. tree. The
parameters studied were morphological growth parameters, chemical content,
biochemical constituents and antioxidant enzymes activities in Tamarix aphylla L under
three types of stem cutting, different substrates and different IBA concentration. The
results of this study showed that compared to semi hard and soft wood cutting; hard
woodcutting was the best type of cutting in most of the morphological parameters. Soft
woodcutting did not give any tangible results in this study.
The growth parameters were higher under IBA treatments compare to untreated
control treatments. The substrate (potting soil (25%), peat moss (50 %) perlite (25%))
was the best substrate in most of the morphological parameters. The IBA 500 ppm
treatment gave best results compare to control (IBA 0 ppm) followed by IBA 1000
ppm.
The biochemical constituents like phenol and total soluble sugars content was higher
in hard wood cutting treatments compare to semi hard treatments but without
significant different between treatments in amino acid content. The antioxidant
enzymes like polyphenol oxidase, catalase and peroxidase showed higher activity in
semi hard woodcutting.
From the results of this investigation, it can be concluded that hard woodcutting can
be used in the propagation of Tamarix aphylla L plant. IBA 500 ppm can be used for
the hard woodcutting for the propagation of this plant. The combination of hard
woodcutting and substrate (potting soil (25%), peat moss (50 %) perlite (25%)) and
IBA 500 ppm can be used for the propagation of Tamarix aphylla L plant with good
results.
Keywords: Tamarix, IBA, cutting, substrates, antioxidant activity
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)Title and Abstract (in Arabic

دراسة تأثير األوساط الزراعية ونوع العقل وتراكيز الهرمونات المختلفة على تجذير نبات
األثل
الملخص

تم اختيار نبات األثل ( )Tamarix aphylla L.لهذه الدراسة ويعتبر هذا النبات من النباتات
المحلية في الشرق األوسط ومن ضمنها دولة االمارات العربية المتحدة وأيضا في شمال افريقيا
وجنوب اسيا ويتميز هذا النبات بقدرته على تحمل الجفاف والملوحة وارتفاع درجة الحرارة وله
عدة استخدامات محلية في دول الخليج والدراسات التي تتعلق بطرق اكثار هذا النبات نادرة جدا
وتهدف هذه الدراسة الى اختيار ال طريقة المثلى إلكثار هذا النبات وأفضل األوساط التي يمكن
استخدامها في عملية االكثار وأفضل تركيز لهرمون التجذير (.)IBA
وشملت الدراسة على معايير متعددة منها معدالت النمو وأنزيمات مضادات األكسدة والمكونات
الكيمياء -حيوية في النبات والمكونات الكيميائية ،تمت مقارنة هذه النتائج من نبات االثل تحت تأثير
ثالثة عوامل مختلفة :نوع العقلة ونوع الوسط الزراعي وتركيز هرمون التجذير (.)IBA
لوحظ حسب نتائج المعامالت المختلفة بأن عقلة الخشب الصلب لنبات األثل أعطت أفضل النتائج
قي الجوانب المورفولوجية (كعدد الجذور وإجمالي عدد البراعم والوزن الجاف والرطب ،ونسبة
النمو والوقت الالزم لظهور البرعم) ،ولوحظ أيضا تأثير هرمون التجذير ( )IBAعلى معايير
معدالت النمو وكان تركيز  500جزء في المليون من هرمون التجذير أفضل التراكيز المستخدمة
وكان الوسط الزراعي المكون من بوتنج سويل وبيت موس وبيراليت بنسبة ( )1:2:1هو أكثر
األوساط تأثيرا على الجوانب المورفولوجية لنبات األثل.
وأظهرت نتائج المعامالت المختلفة ارتفاعا في تراكيز المكونات الكيمياء-حيوية مثل الفينول
والسكريات في معاملة عقل الخشب الصلب بالمقارنة مع المعامالت األخرى في حين أنه لم تكن
هناك أس فروق معنوية في تراكيز ا ألحماض األمينية بين المعامالت المختلفة.
وأظهرت نتائج تراكيز مضادات األكسدة األنزيمية مثل بولي فينول أكسيديز و الكاتاالز و
البيروكسيديز ارتفاعا ملحوظا في معامالت العقل شبه الصلبة مقارنة بالعقل الصلبة ،وكان تأثير
هرمون التجذير ( )IBAملحوظا في تحسين مستوى تراكيز مضادات األكسدة األنزيمية في
المعامالت.
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وكملخص نهائي لهذه الدراسة فان اكثار نبات األثل باستخدام العقل الخشبية الصلبة يعتبر من
أفضل طرق االكثار لهذا النبات ويمكن استخدام هذه العقل في الوسط الزراعي المكون من بوتنج
سويل وبيت موس وبيراليت بنسبة ( )1:2:1كوسط مثالي لإلكثار وأيضا استخدام هرمون التجذير
 IBAبتركيز  500جزء في المليون كأفضل تركيز للحصول على نتائج جيدة.
مفاهيم البحث الرئيسية :األثل  ،العقل  ،مورفولوجي  ،الوسط الزراعي  ،نشاط مضادات األكسدة.
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Chapter 1: Introduction
Tamarix is a genus of the family Tamaricaceae. It is composed of 55 species
(Miller and Morris, 1988). One of the most known species of this genus is Tamarix
aphylla L which is locally known as Athel (Marijcke, 2003). Tamarix is the ancient
name for the plants. It is said to be derived from Tamaris river in Spain; aphylla means
without leaves (Miller and Morris,1988). Tamarix aphylla was introduced from the
Mediterranean region to Arabia, Iran, Iraq, Pakistan, Afghanistan and South Africa. It
is found also in Oman, UAE, Saudi Arabia, Yemen and Qatar (Ghazanfar, 2003). This
plant is native to Middle East, North Africa and south Asia (Steve, 2008). In UAE,
Tamarix aphylla is rare and recorded from Hajar mountain wadis and may occur as
planted tree in sandy desert (Liwa) (Marijcke, 2003). It is widespread throughout
Central Asia, North Africa and southeastern Europe (Orwa et al., 2009). In Turkey and
Greece, it is very common as a shrub in islands, beaches and coastal areas (Voulgaridis,
2009).
Tamarix aphylla is evergreen moderate sized tree, up to 20 m height with
straight trunk , brown to grey bark (Ghazanfar, 2003).Young stems with tertiary
branches, twigs which are drooping, wiry or needle-like, up to 1.5 mm diameter, older
twigs greenish-brown, non-tomentose. Bark light grey to brown or reddish brown,
rough, becoming thick and deeply furrowed into long narrow hard ridges. The root
system is deep and extensive, about 10 m vertically and 34 m horizontally. Leaves are
bluish green in colour , alternate, reduced to tiny scales wiry twigs and ending in
points, hairless, often with epidermal salt glands each forming a joint along the twig.
Flowers are nearly sessile, tiny, whitish to pink, in racemes 3-6 mm long, 4-5 mm
broad at end of twigs and drooping. Fruit is small capsule, narrow, pointed, 5 mm long,
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splitting into 3 parts. Seeds are many, 0.5 mm long, brown, each with tuft of whitish
hairs 3 mm long (Steve , 2008).
Popular habitats include sand and gravel plains, wadi banks and hillsides. The
tree is drought, heat and salt tolerant (Marijcke , 2003). Flowering period is from
February to May (Ghazanfar, 2003). The traditional uses of this plant include the use
of dried powdered leaves boiled with water ingested to treat prolonged labor. In
addition, dried powdered leaves applied to saddle sores and rope burns in animals.
Foliage fed to livestock to purge. Wood is resistant to termites and used for
construction (Marijcke, 2003). Tamarix wood is suitable for making ploughs, wheels,
carts, tool handles, brush-backs, ornaments, turnery and fruit boxes. It may also be
used for firewood and charcoal (Orwa et al., 2009). Its bark is a rich source of tannins
and used for dyeing, while its twigs are used for basket making (Orwa et al.2009).
Tamarix aphylla wood was used as the main supporting pillars of human and
animals’ quarters (Miller and Morris, 1988). This wood was popular because it is
resistant to termites. Termites are main problem in wooden building. Tamarix aphylla
wood is also used in the manufacturing of lime in plastering of the stone houses of the
coastal settlements and caulking boats. Dried tamarix twigs were scorched at the fire
and crushed to a powder to treat burns in the north of Oman (Miller and Morris, 1988).
In some parts of the Middle East, leaves and new growth of tamarix species is boiled
and used to treat edema of the spleen, and to treat gynecological disorders with added
ginger. The bark of the large branches is boiled and with added vinegar is used as
lotion to rid the body and scalp of lice. Tamarix galls are used as astringent, to stop
hemorrhage, to treat enteritis and gastrulae. The efficacy of cooking the roots and stem
together in water and vinegar to soothe pains of the liver and spleen is mentioned in
early Muslim cultural sources. Tamarix galls are used in the manufacture of ink, in
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dyes, for polishing the teeth and for removing decayed parts of individual teeth (Miller
and Morris, 1988). The exact vegetative propagation method of tamarix is not
standardized because of the shy rooting nature of the juvenile branches. In the light of
this hormonal treatment is considered a better option in the propagation of cuttings.
In these context auxins is a class of plant growth regulating chemical substance
known as milestone in the modern history of plant propagation because of their ability
to stimulate adventitious rooting in stem cuttings (Eugene et al, 2007). There are
natural and synthetic forms of auxin. The naturally occurring auxin found in plants
known as indole acetic acid (IAA) is involved in nearly most aspect of plant growth
and development. Indole butyric acid (IBA) and naphthalene acetic acid (NAA) are
the synthetic forms of auxin class of hormones (Eugene et al, 2007). Large number of
rooting products available commercially contains one or both of synthetic form of
auxin because of the stability than IAA.
Difficult and moderate -to-root plant species can prevent plant producers from
realizing their full potential as propagation in many such cases. Application of auxinbased, commercially available rooting hormones can overcome this problem. Larsen
and Guse (1997) and Kester et al. (1990) reported that the most reliable rooting
hormone is indole butyric acid (IBA). It is non-toxic to plants over a wide range of
concentration levels, that IBA is the best hormone for general use (Kester et al., 1990).
In many landscapes around the world, large and old trees play a major role in
establishing landscape. Old trees play an important ecological role in maintaining and
in improving the quality of water and soil, providing habitat for wildlife, carbon
sequestration, and regulation of microclimate. It also provides as recreational and
spiritual values, among other values in mitigating the impact of environmental
pollution. Those ecological roles are widely acknowledged (Blicharska and
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Mikusinski 2014). Each tree in the nature has important role because it has relationship
with other organisms, and maintains ecological balance. In addition, it has significant
relations with humans as well as historical, spiritual, and religious significance.
Climate change caused decline of old trees across the world and result in
serious impact on ecosystem integrity and biodiversity. This caused great global
conservation concern. Therefore, it is very important to conserve existing trees and
promote the planting of native trees in different landscape locations in the world.
Native trees do derive far more benefits than harm and there are many reasons to
conserve them. Therefore, threatening factors to old trees should be identified and they
need careful management for preservation. There are many ways to ensure the
conservation of old trees such as installation of fence around them to protect them and
propagation of those trees and planting them in landscape or in the habitat as in situ
conservation. (Tamer et al, 2015).
In the United Arab Emirates, conservation of native trees has received some
attention from the environmental authorities. UAE issued several decrees during the
past few decades to protect and forbid destruction of any native tree species.
This decrees resulted in the increase in the number of old trees, especially in residential
areas. However, the information about the status of native plants in the UAE and other
Arab Gulf regions information are very limited.
According to the National Newspaper (15 August 2013), the Municipality of
Al- Fujairah conducted a survey on the number of large old trees in Dibba and
recorded a total of 63 trees that are more than 200 years old. Researchers and
Conservationists are more interested to study and recognize the values of native plants
in the UAE. Native plants in the harsh deserts need more accurate studies to target
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conservation strategies. Such studies should be encouraged for effective conservation,
management of big, and relic trees in the UAE and Arab Gulf regions.
United Arab Emirates Flora is known for rich diversity (Shahin and Abdul Mohsen,
2014).
The research leading to standardizing the propagation of the plant species is
very rare and therefore it is not widely exploited in the urban landscaping. The
standardization of propagation also calls for effective conservation of the native
species which in future helps in the development of conservation process both ex situ
and in situ.In this context the focus of the present study was to standardize the
propagation methodology for rapid propagation of Tamarix aphylla L.
The objectives of the present study were to evaluate the efficiency of different
forms of Tamarix aphylla L stem cuttings to develop adventitious roots and to
determine the effects of different substrates on root initiation and root growth. Also
to study the effect of different concentration of IBA in combination with substrates in
root development and to determine the status of biochemical and enzymatic parameters
in support of rooting.
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Chapter 2: Literature Review
A native (indigenous) species is one that occurs in a particular region,
ecosystem, and habitat without direct or indirect human actions (Richards et al., 1998).
Native plants are the most important living material in landscape planning (Hilal and
Hasan 2009). Native plants are valued because of their economic, ecological, genetic,
and aesthetic benefits in addition to the growing societal belief in their intrinsic value
as living species. Native plant species provide the keystone elements for ecosystem
restoration and help to increase the local population of native plant species, providing
numerous benefits (Jeanette D.2002).
The concept of "desert greening" plays an essential role to make the UAE an
attractive destination in the urbanization. This was possible with the great contribution
of the groundwater aquifers. While the sustainability of the green sector is extremely
difficult, especially with the absence of groundwater supply, there is only one
significant way to save the future of the green sector in the country, through moving
towards cultivating the indigenous and the naturalized plant species. As a matter of
fact, there are four main reasons, which are potential to convince the UAE decision
makers and landscaping managers to go towards this direction. The main reasons are
because of drought tolerant capability, salt tolerant capability, ornamental value and
medicinal value of those native species.
However, the current knowledge on those desert plants and their possibilities
for landscape use is mainly at preliminary stages. Therefore, sustained effort and
intensive research on this subject is of very high priority looking at the future of
landscaping in the UAE.
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2.1 Indigenous Plants as an Option for Landscape
The use of native plants on green roofs has attracted considerable attention in
recent years and widely increased. This is because native plants provide greater
environmental benefit and are better adapted, and are more aesthetically pleasing than
non-native plants.
The idea of modern green roofs originated in Europe. The primary function is
to reduce storm water runoff. Traditionally, these roofs were planted with lowgrowing, drought-tolerant succulent plant species, especially sedum. Today, the
interest and focus on the use of native plants in increasing the diversity of plant species
used on green roofs has been increased (Kephart, 2005; MacDonagh et al., 2006;
Schroll et al., 2009).
In Award Winning Green Roof Designs, 45% of the award winning green roofs
involve native plants (Peck, 2008). There are many organizations which are promoting
the use of native plants on green roofs, including non-profits like the Ladybird Johnson
Wildflower Center and the Peggy Notabaert Nature Museum, governmental
organizations such as New York City’s Greenbelt Native Plant Center and the City of
Toronto’s Green Roof Pilot Program, and commercial organizations, such as Rana
Creek and Conservation Design Forum.
In 2008, the California Academy of Sciences building was opened to the
public. The focal point of this building and a symbol of its commitment to
sustainability is its undulating green roof planted with California native plants. Native
plants are very important for landscape architecture in terms of the conservation,
developing, restoration and management of landscapes (Bayraktar 1980).
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According to the EPA Green Landscaping website (EPA Green Landscaping,
Benefits), the common reasons for using native plants in landscaping are:
“Landscaping with native plants improves the environment. Native plants are hardy
because they are adapted to the local conditions. After establishment, native plants do
not need any cultural practices such as pesticides, fertilizers, or watering only minimal.
Landscaping with native plants helps to return the healthy ecosystem. The biodiversity
of the area increased because many varieties of birds, butterflies and animals are
attracted to the native plants. The beauty of native wildflowers and grasses creates a
sense of place, both at home and work. The native plants increase connection of human
to nature, help children, and provide a beautiful, peaceful place to relax.”
To promote the use of native plants in landscaping; both aesthetic and scientific
arguments are used. The aesthetic arguments are either culturally based such as that
native plants are part of our cultural heritage ( MacDonagh et al., 2006) or design
driven such as native plants blend into the surrounding landscape (Kiers, 2004).
Scientific arguments are based on maintenance requirements, habitat creation, and the
potential for plants to become invasive.
In fact, the UAE indigenous plants are the perfect option to be used in the
landscaping sector. Landscaping managers and companies are urgently required to
explore the possibilities of these valuable native plants for producing sustainable
landscapes in the country. This is mainly because of four major reasons, as under:
Drought tolerant capability
Water availability is a major limiting factor for the establishment of arid and
semi-arid plant species. Moisture conditions play a very important role in regulating
germination of plants in dry environments (Adams, 1999). Low and erratic
precipitation characterizes the climate of the arid desert. This, in combination with the
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rapid drying out of the soil due to intense sunlight (Zeng et al., 2006), contributes to
extremely limited water availability throughout the year and affect seed germination
and seedling survival in these regions.
Indeed, cultivating the native and the naturalized plants could significantly
save the irrigation water (Shahin and Abdul Mohsen 2014). Over the time, such desert
plants have developed different morphological modifications and physiological
mechanisms; in order to adapt the limited availability of water resources, along the
harsh environmental conditions (Shahin and Abdul Mohsen, 2014). The difficult
environmental conditions in the UAE include the high temperature, high wind
velocity, high evapo-transpiration rates, low soil moisture content, low soil water
holding capacity, high water permeability rates, and poor nutrient availability.
In fact, there are different adaptation mechanisms for the native and the
naturalized plant species, such as, seed dormancy, short life cycle (ephemerals), slow
growth rate, long root system, reduced leaf blade, light green colour, succulent leaves,
existence of thorns and the hairy surface for shoots.
Salt tolerant capability
Crop productivity strongly depends on several biotic and abiotic factors.
Salinity is one of the most important abiotic factors, besides drought, extreme
temperatures, light and heavy metal stress.
Plants have been divided into salt-tolerant ‘halophytes’ and salt-sensitive
‘glycophytes’, depending on growth performance of these organisms in saline habitats.
Glycophytes display severely subdued growth and even death in the presence of 100–
200 mM of salt, whereas halophytes specifically belonging to the dicotyledonous
halophyte group can survive in more than 200 mM (Flowers and Colmer, 2008;
Shabala, 2013). High salinity is one of the most severe abiotic environmental factors,
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and at a global scale, no other form of stress is as deleterious as salt in restricting plant
growth and development.
Salt tolerance in plants is a complex network, based on the interactions of
multiple physiological responses involving several genes and gene products. The
origin of the salt tolerance of halophytes has evolved through the accumulation of
adaptive mutations leading to physiological and biochemical modifications required
to thrive in high salinity (Rozema and Flowers, 2005; Bromham, 2014).
In addition, halophytes also maintain bio-energetic processes (photosynthesis
and respiration) with less utilization of produced energy for stress adjustment and
saving higher energy, while glycophytes do not (Kosova et al., 2013, Bose et al., 2014,
Srivastava et al., 2015).
Many species of the native and the naturalized plants are belonging to the
halophytes, which can adapt high levels of soil salinity, which are one of the major
problems related to the soil health in the irrigated areas. Examples of excellent salt
tolerant species from the UAE flora include Tamarix aphylla and Tamarix nilotica and
Calotropis procera (Shahin and Abdul Mohsen, 2014). Therefore, the native and
naturalized plants in the UAE could be a significant solution to maintain sustainability
in the landscaping of UAE.
Ornamental value
Native plant gardens may have ecological benefits, and previous research has
shown that yards using these plants can be designed in ways that people find attractive.
Yards incorporating native plants can be as attractive, or even more attractive,
to homeowners as conventional yards that do not include native plants Nassauer
(1993). UAE flora is rich in wonderful plant species with amazing colours and flowers
(Shahin and Abdul Mohsen, 2014).
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Medicinal value:
It is worth mentioning that, besides the landscaping applications, most of these
desert plants have the capability to produce significant secondary metabolites, like
terpenes, as a defence mechanism, and thus have many medicinal applications in the
folk medicine of the UAE (Shahin and Abdul Mohsen, 2014).
2.2 Growing Substrates
Increasing demand and rising costs for peat as a growing substrate in
horticulture have led to the search for high quality and low cost substrates as an
alternative (Chong, 2005; Wilson et al., 2006; Ostos et al., 2008; Gil et al., 2008, Moral
et al., 2009).
A number of studies have shown that organic residues such as urban solid
wastes, sewage sludge, animal manure and dung, paper waste, pruning waste, spent
mushroom and even green wastes, after proper composting, can be used with very
good results as container growth substrates instead of peat (Zaller, 2007; Ostos et al.,
2008; Bustamante et al., 2008; Moral et al., 2009; Wright et al., 2008; Miaomiao et al.,
2009; Tumuhairwe et al., 2009). The increasing interest in waste recycling is another
cause to advocate the recycling and use of organic wastes and composts as soil or
potting amendments; it could be one of the most attractive methods of solving the
problem of waste disposal (Banegas et al., 2007; Kanat et al., 2006; Liu et al., 2009).
The combination of peat and compost in a growing substrate is synergistic; peat often
enhances aeration and water retention and compost improves the fertilizing capacity
of a substrate (Zaller, 2007). In addition, organic by-products and composts tend to
have porosity and aeration properties comparable to those bark and peat and as such
are ideal substitutes in propagating substrates (Chong, 2005). Moreover, composts
tend to improve the organic matter content of the substrates (Qazi et al., 2009).
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Peat moss
Among the numerous organic materials used as substrates for soilless
cultivation of horticultural crops, peat is currently a major component of containerized
mixtures for commercial plant production. Its long-time success is certainly due to the
physical properties (slow degradation rate, low bulk density, high porosity, and high
water holding capacity) and the chemical characteristics (relatively high cation
exchange capacity) that make peat particularly suitable as growing media for a large
number of vegetables and ornamentals. Among different peat typologies, sphagnum
moss is maybe the most used for the preparation of soilless substrates because of the
light bulk density and the low degree of decomposition. Sphagnum peat is usually
included in growing mixtures to increase water holding capacity or to decrease the
weight of the substrates. It contains 75% fiber at least, consisting of dehydrated
remains of leaves and stems of sphagnum plants; this fibrous structure is characterized
by a high surface charge density, with consequent high cation exchange capacity,
which helps to reduce leaching of nutrients.
Peat is formed as a result of the partial decomposition of plants (Sphagnum,
Carex) typical of poorly drained areas (peat bogs), with low nutrients and pH, under
low temperatures and anaerobic conditions (Giancarlo, 2015). Peat moss has long been
the primary component of transplant and potting media for both vegetable and
ornamental plants. Although use of peat is substantial, the use of an alternative organic
material was deemed worthy of consideration according to a transplant grower survey
(Arenas, 1999). Whereas peat costs have increased annually, the price received for
vegetable transplants has changed little since 1995 (Zimet and Vavrina, 1995).
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Coir peat
Coconut (Cocus nucifera L.) pith or coir, the mesocarp of the fruit, is a waste
product of the coconut industry and has been proposed as a possible alternative to peat
in growth media due to its suitable physical and chemical properties (Bragg et al.,
1993; Savithri and Hameed, 1994). Coir has been tested as a horticultural medium for
several ornamental and agronomic crops with acceptable results (Creswell, 1992;
Evans et al., 1996; Meerow, 1994; Pill and Ridley, 1998). However, little work has
been done with coir as a medium component in vegetable transplant production.
Coir is the name given to the fiber that constitutes the thick monocarp or husk
of the coconut fruit. This fiber is used for manufacturing ropes, matting and many other
products. When the husk is processed, industrially valuable long fibers are removed
leaving a considerable amount of both pith tissue and short- to medium- length fibers.
These materials remain available as waste products, for which no important industrial
uses have been developed, and they are normally incinerated or dumped without
control (Meerow 1994). Coir waste may be finally screened to remove part or most of
the fiber, and the remaining product (coir dust) is then dried and compressed into bricks
or bales, wrapped and shipped (Evans et al., 1996). For some time, coir dust was used
in the tropics as a locally available material for preparing soilless growing media for
containerized crop production. Only during the past few years has this material become
commercially popular, and it is now begin successfully used in different part of the
world as an environmentally sound peat substitute for container-grown ornamental
plants.
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Perlite
Perlite is an alumino-silicate mineral of volcanic origin that is mined in several
countries such as the United States and New Zealand. After mining, the raw mineral
is crushed and exposed to temperatures as high as 1,000 °C, producing white,
lightweight particles. Perlite is a desirable growing media because of some unique
properties. One of these properties is its closed-cell structure, water adheres only to
the surface of the perlite particles and therefore growing media containing perlite are
well-drained and lightweight. Perlite is also rigid and does not compress easily, which
promotes good porosity. Perlite increases the aeration porosity of peat-based growing
media compare to sand and grit (Ward et al 1987). Perlite is completely sterile because
of the high temperatures that used at production process. Perlite does not contain any
plant nutrients and has a minimal CEC (Bunt 1988, Moore 1988). The pH of perlite
ranges around neutral, but this is not significant because it is usually mixed with acidic
sphagnum peat moss (Nelson 1978).
Perlite is usually added to organic components, such as peat moss, to increase
aeration porosity, which is particularly important in the smaller volume containers
used in container tree nurseries.
Many researchers studied the use of perlite as growing media. One of the studies found
that highest number of primary roots per plant, length of the most developed roots and
number of crowns per runner were obtained from perlite (Sezai et al 2005).
Charcoal
Charcoal is a light black residue consisting of carbon, and any remaining ash,
obtained by removing water and other volatile constituents from animal and vegetation
substances. Charcoal is usually produced by slow pyrolysis. Charcoal may be activated
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to increase its effectiveness as a filter. Charcoal is used as an adsorbent and has ability
to turn unproductive soil into very rich soil and has very long history (Patrick, 1994).
Charcoal had been used as a soil amendment for long time in Japan. Nishio
(1996) stated that “the idea that the application of charcoal stimulates indigenous
arbuscular mycorrhiza fungi in soil and thus promotes plant growth is relatively wellknown in Japan, although the actual application of charcoal is limited due to its high
cost”.
The production of wood charcoal dates back to a very ancient period
approximately 5000 years ago. Carbonization is the process, which used for the
production of charcoal. It occurs at temperatures between 450 to 600°C in absence of
air. Under these conditions, organic vapors and gases are lost and part of the organic
substances polymerizes, all of which increase the carbon content of the product. After
the process is finished, charcoal is the final product that remains. Wong, 2009 indicated
that some key importance of charcoal in the horticultural field and they include the
following:• Porosity – Improve Drainage: Charcoal is a porous form of organic matter primarily
composed of carbon. Charcoal used as a soil conditioner to improve soil drainage.
Charcoal will provide a place for excess water to settle in pots without drainage holes.
Research has shown that growing mediums with charcoal are able to reduce the effects
of sporadic watering, and help prevent the plants from damping off. Charcoal has its
advantages when compared to other moisture-retaining potting soil ingredients.
Charcoal is in bigger chunks than perlite, yet light in weight.
• Organic: Charcoal is organic, a character which some gardeners place high in value.
• Hold and deliver nutrients in the soil: Charcoal can reduce the leaching of fertilizer
in free draining soils as the charcoal’s porous carbon structure enables the nutrients to
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be held for slower release to the plants. The inclusion of charcoal in open seedbeds
showed that it facilitates the uptake of nutrients. Researches have shown that calcium
uptake almost doubles, with significant increases in potassium, magnesium and
phosphorus, the pH increases slightly and there is an obvious increase in organic
matter.
Charcoal serves to stabilize the organic matter in the soil, increase cation
exchange capacity, and increase water retention due to its porous structure and high
surface area (Ricigliano, 2011). Charcoal is carbon-rich and gives it the ability to
persist in the soil indefinitely by not being susceptible to biological decay (Vuthisa,
2011). Bacle (2008) stated that by the shape and adsorbent properties of charcoal it
will help stabilize soil humidity and texture thereby increasing soil physical quality.
On a small scale, applying charcoal as an alternative to composts and manures as a
source of carbon seems to be a promising way to maximize carbon content in soils due
to its stability, which is exemplified in Terra Preta soils. Slash and char seems to be an
efficient method of tapping into the carbon cycle in order to conserve it in the soil
(Ricigliano, 2011).
The addition of charcoal is beneficial to the soil, but it also has the ability to
bind up N and does not provide many essential nutrients. Therefore, it is important
also to add a nutrient source along with charcoal amendments due to charcoal’s high
C:N ratio (Tenenbaum, 2009).
In theory, the charcoal amendments would only need to be applied once due to
its stability for hundreds to thousands of years, which would sequester enough carbon
to compensate for the production emissions (Lehmann, 2007).
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2.3 Plant Growth Regulators
Plant growth regulators are the natural or synthetic compounds that modify the
growth and development of plant by influencing their physiological processes and
thereby increasing the productivity of crops (Kakimoto, 2003). There are a large
number of synthetic organic chemicals possessing growth-regulating properties and
new ones are being added to the list periodically (Al-Khassawneh et al., 2006). The
response induced by them depends on the plant materials and the application (Werner
et al., 2001). There are various classes of growth regulators, such as the auxins,
cytokinins, gibberellins, ethylene and inhibitors like abscisic acid influence root
initiation (Campbell et al, 1999).
IBA
Indole butryic acid (IBA) is synthetic hormone, which is commonly used to
promote root development in asexual propagation. It is widely used as a root-initiation
promoter in agriculture (Waisel, 1991). IBA is a suitable auxin for different type of
experiments because it is flexible when dealing with the range of concentrations that
can be used (Audus, 1953). Paul and Aditi, 2009., studied the most efficient
concentrations of hormones (IBA and NAA) which enhance rooting of layering and
improve the rooting characters like root length, diameter, branching, hardness and the
relation of rooting with sprouting in water apple (Syzygium javanica L). They noticed
that the highest percentage of rooting is in the air-layer treated with 1000 ppm IBA
whereas, 500 ppm and 2500 ppm IBA did not show any significant effect on rooting.
They conclude that treatment with IBA (1000 ppm) is statistically more significant
among all other concentrations of IBA. IBA at this concentration (1000 ppm) are more
effective and enhance rooting on air-layers of water apple.
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Syzygium javanica L produce more shoots per root at 1000 ppm IBA treatment
followed by 500 ppm IBA treatment (Paul and Aditi, 2009). Florence et al (2011)
investigated the influence of different rooting media and indole butyric acid (IBA)
hormone concentration on root and shoot development in stem cuttings of Warburgia
ugandensis They observed that the number and length of shoots per sprouted stem
cutting of Warburgia ugandensis were greatly influenced by rooting media and IBA
concentration,
IBA (2500 ppm) treatment of Syzygium javanica L stem cutting gave the
highest average length of roots followed by 500 ppm IBA whereas 500 ppm IBA
treatment gave the highest diameter of root (Paul and Aditi, 2009). The number and
length of roots that developed from the stem cuttings of Warburgia ugandensis
propagated in the different rooting media were not significantly influenced by the
various IBA concentrations (Florence et al, 2011).
According to Ofori-Gyamfi (1998), rooting performance depends on the type
of medium used in the propagating structure. The reason is that the various materials
and mixes of materials that are used in rooting of cuttings provide physical support,
oxygen and water (Kester et al., 1990; Larsen and Guse, 1997).
Stem cuttings of Warburgia ugandensis that were treated with 0.8% IBA
concentration produced the longest and highest number of roots and shoots compared
to cuttings that were treated with 0.6, 0.3 and 0.0% (control) IBA (Florence et
al,.2011).
The highest fresh weight of roots per layer is observed in layers with 1000 ppm
IBA followed by 500 ppm IBA. Whereas the highest number of leaves per layer is
seen in 2500 ppm NAA treated layer followed by 1000 ppm NAA and 1000 ppm IBA
(Paul and Aditi, 2009). This indicated that there is an increase of number of roots per
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layer with the increase of number of leaves, but, decrease with the increase of number
of new sprouts.
The concentration of 4500 ppm IBA treatment alone or along with 1000 ppm
FA showed the greatest survival percentage (88%) of guava air-layers (Bhagat et al.,
1998; Hore and Sen, 1991). (Paul and Aditi, 2009) observed the highest survival
percentage (78%) in air-layer treated with IBA, 1000 ppm followed by IBA, 2500 ppm
(67%).; whereas NAA, 1000 ppm and NAA, 2500 ppm show 63% and 57%
survivability respectively.
A study of rooting performance in Vitellaria paradoxa by Yeboah and Amoah
(2009) showed that high aeration in rooting media is responsible for promoting
metabolic activities and enhancing root initiation. The differences in rooting ability of
various species propagated in different rooting media could be explained by their
xeromorphic or hydromorphic status (Loach, 1992) and the effects of this status on the
water relations of the cuttings (Mensen et al., 1997). The high rooting percentage of
the W. ugandensis stem cuttings treated with 0.8% IBA concentration is concordant
with the findings by Aminah et al. (2006) in which application of 0.8% IBA recorded
the highest rooting percentage of leafy stem cuttings of Shorea parvifolia and Shorea
macroptera (Florence et al,2011).
According to Davis and Hassig (1990), the production of adventitious roots in
plants through cell division, multiplication and specialization is also controlled by
plant growth substances especially auxins. This implies that treating stem cuttings with
auxins can increase the percentage of rooting, root initiation and number of roots.
An example is the propagation of Ulmus parvifolia stem cuttings treated with
0.8% IBA that failed to root (Griffin and Schroeder, 2004). This suggests that root
formation in such species is highly sensitive to auxin formulation. The decline in
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rooting percentage with IBA concentrations greater than 0.2% is also a clear indication
that some levels of hormone concentrations are inhibitory to root initiation, as has been
recorded in a number of other tree species (Leakey et al., 1990). Florence et al (2011)
concluded that rooting of W. ugandensis softwood stem cuttings treated with 0.8%
IBA concentration in milled pine bark should be promoted for mass propagation of
this tree. Mesh and Leakey (1996)., studied the effects of different concentration of
IBA, rooting media and cutting origins on the rooting of leafy stem cuttings of Cordiu
alliodoru (were investigated in three experiments using non-mist propagation. Bud
growth in cuttings was inhibited by increasing concentration of IBA, which were
associated with higher final rooting percentages.
Aminah et al (1994). carried out a study to determine the suitable auxin dose
for rooting the stem cuttings of Shorea leprosula. The predicted time taken for 50%
rooting to occur was significantly shorter in cuttings with IBA treatments compared
with un treated cuttings application of IBA also enhanced the number of roots
developed on each rooted cutting of S. leprosula as indicated by the greater number of
roots produced compared with the untreated cuttings 20ug IBA are recommended to
be applied for rooting of juvenile stem cuttings of S. leprosula.
In the study by Wiesman and Lavee (1994) tried to increase the rooting ability
and quality of olive cuttings by using PB and UP as cofactors to IBA. Both the rooting
ability of the cuttings and the survival of the rooted plants in the nursery were tested.
The majority of the cultivars (47%) were included in the group that showed moderate
rooting percentage, between 20 and 65%, after IBA application. IBA increased the
average number of adventitious roots per cutting in ‘Manzanillo’ and ‘Barnea’ but the
average length of the roots decreased ( The results of that study clearly demonstrated
the effect of a combined treatment Of IBA + UP + PB on stimulation of rooting and
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survival of rooted cuttings compared with a treatment of IBA alone. This treatment is
of particular importance for rooting of difficult- to- root and shy rooting cuttings, but
is also beneficial for easy-to-root cuttings, in increasing the survival rate of rooted
plants compared with the common treatment of IBA alone.
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Chapter 3: Materials and Methods
A greenhouse experiment was conducted in pots during the 2015/2016 growing
season to study and evaluate the response of Tamarix aphylla L. stem cuttings as
affected by rooting substrates and IBA concentrations.
The experiment was carried out in Al-Foah College of Food and Agriculture
research farm (270N and 220S latitude and 510W and 570E longitude) of the College
of Food and Agriculture, UAEU in Al Ain city, 160 km East of Abu Dhabi the capital
city of United Arab Emirates. The experimental period was from September 2015
through February 2016.
The greenhouse environment was simulated for temperature and relative
humidity. Accordingly, during the experimental periods, the temperature of the
greenhouse was maintained at 24±2ºC. The greenhouse had the source of the natural
light (80%) and hence artificial light was not applied. The methodologies adopted are
described below.

3.1 Plant Materials
Tamarix aphylla L. stem cuttings were obtained from Al Wathba, Wetland
Reserve, Abu Dhabi. Stem cuttings were made manually on the 18th of September 2015
and planted in 4” diameter plastic pots and filled with different substrate according to
the treatment fixed for the experiment.. In this experiment, the pots were kept in the
greenhouse and irrigated with tap water until end of experiment.
Plastic pots of 4” diameter and 10 cm height size were used for the study. The pots
were filled with different potting substrates.
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3.2 Substrates
The experiment was carried out with several combinations of substrates which
constitute the treatment as detailed below.
-

Potting soil and Peat moss (1:1)(Control)

-

Potting soil (25%), Peat moss (50 %), Perlite (25%)

-

Potting soil (25%), Coconut husk fiber (25 %), Peat moss (25%), Charcoal
(12.5%) and Perlite (12.5 %)

-

Potting soil (25%), Coconut husks fiber (50%), Charcoal (12.5%) and Perlite
(12.5%).

3.3 IBA Concentrations
Three IBA concentration was used as described below:-

0 ppm

-

500 ppm

-

1000 ppm

3.4 Stem Cutting
-

Three types of cutting was used as follow :-

-

Hard wood (Previous year’s growth)

-

Semi hard wood (Pervious season growth)

-

Soft wood (Current season growth)

3.5 Design of Experiment
The design of the experiment was factorial RBD with 36 treatment
combinations including the control. The whole treatments have been replicated three
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times. The total number of pots was 108 and four plants were maintained in each pot
(plate 1).
3.6 Observations
The cuttings were planted immediately after subjected to IBA treatments. The
morphological parameters were observed periodically.
Plant samples were collected and sent to the laboratory to analyze biochemical
constituents, Calcium & Magnesium and to assay the activity antioxidant enzymes.
The chemicals used for the analysis were obtained from Sigma, and are analytical
grade chemicals and reagents.

Plate 1: Tamarix aphylla L. cuttings in the greenhouse

3.6.1 Morphological Parameters
Root length
The plant root length was measured one time at the end of experiment from the
point of first coteledonary node to the tip of longest root and expressed as mean value
in cm.
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Number of shoots
The total number of shoots, which were fully developed, were counted and
expressed as number of shoots per plant.
Fresh weight and dry weight of roots and shoots
Fresh weight was determined by using an electronic balance (Model –
XK3190-A7M) and the values were expressed in grams. After taking fresh weight, the
shoot and root samples were dried at 60C in hot air oven for 48 hours. After drying,
the weight was measured and the values were expressed in grams (Reuter et al, 1986).
Number of roots
The total number of roots, which were fully developed, were counted and
expressed as number of roots per plant.
Time taken to initiate shoot
Time taken to initiate shoot for each plant was determined by counting from
first day of planting until shoot bud initiation. The values were expressed in days.
Survival percentage
The survival percentages for each treatment were determined by counting the
number of survived plants. The values were expressed as percentage (%).
Shoots - roots ratio
The shoots - roots ratio for each treatment was determined by comparing the
number of shoots and roots. The values were expressed in a ratio.
3.6.2 Chemical Analysis
Calcium and Magnesium
Simultaneous determination of Calcium and Magnesium was done by
the method of ICP-OES and USEPA (1998).
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A portion of homogeneous Plants samples (leaves) accurately weighed and
treated with acids to destroy the organic matter and solubilized the recoverable
elements. After cooling, the sample was made up to the volume with deionized water
and filtered. The sample solution is aspirated through nebulizer and the resulting
aerosol is transported to the plasma torch where excitation occurs. Element specific
emission spectra are produced by radio-frequency inductively coupled plasma. The
spectra are dispersed by a grating spectrometer, and intensities of the line spectra are
monitored at specific wavelengths by a charged coupled detector. A fitted background
correction is used to correct the blank signal and matrix effect. Background correction
is not required in cases of line broadening where a background correction
measurement would actually degrade the analytical result. The content is expressed as
mg/kg.
3.6.3 Biochemical Analysis
Phenol
The estimation of total free phenols was done by the method of Bray and
Thorpe (1954) using Folin-Ciocalteau (FCR) reagent.
Five hundred mg of plant material (leaves) was taken in a pestle and mortar and
homogenized with 10 ml of 80 per cent boiling ethanol. Then the homogenate was
filtered through whatman No. 2 filter paper. The extract was centrifuged at 800 rpm
for 15 minutes and the supernatant was made up to 10 ml with 80 per cent ethanol and
taking 5 ml for the estimation of phenol.
To 0.5 ml of the aliquot of unclarified alcohol extract, 1 ml FCR was added
followed by 2 ml of 2 per cent sodium carbonate in 0.1 N/Na OH and placed in boiling
water bath for one minute. After cooling under running tap water , the volume was
made up to 20 ml and the absorbance of the blue complex was read at 650 nm in a
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spectrophotometer ( Model Helios Alpha 100-240 V). Total phenolic content was
expressed milligrams per gram of fresh weight using catechol as standard.

Amino acids
Extraction and estimation of the amino acid content was done by the ninhydrin
method (Moore and Stein, 1948).
0.5 gram of plant material was taken in a pestle and mortar and homogenized
with 10 ml of 80 per cent boiling ethanol. Then the homogenate was filtered through
whatman No. 2 filter paper. The extract was centrifuged at 800 rpm for 15 minutes and
the supernatant was made up to 10 ml with 80 per cent ethanol and taking 5 ml for the
estimation of free amino acids. To 0.5 ml of the aqueous extract 2.0 ml of ninhydrin
reagent (5 g of ninhydrin in 250 ml phosphate buffer, pH 6.5) was added and placed
in a boiling water bath for 30 minutes. The final volume was made up to 15 ml and
read at 570 nm in a spectrophotometer (Model Helios Alpha 100-240 V). The amount
of total amino acids present was expressed in mg per gram fresh weight of the tissue.

Total soluble sugars
Extraction and estimation of the quantity of total soluble sugars in the sample
was estimated using Nelson’s modification on Somogyi’s method (Nelson, 1944).
0.5 gram of plant material was taken in a pestle and mortar and homogenized
with 10 ml of 80 per cent boiling ethanol. Then the homogenate was filtered through
whatman No. 2 filter paper. The extract was centrifuged at 800 rpm for 15 minutes and
the supernatant was made up to 10 ml with 80 per cent ethanol and taking 5 ml for the
estimation of sugars.
2 ml of the clarified extract was mixed with 1 ml of 1 N H2SO4 and 1 ml Lead
Acetate base and placed in water bath at 49 oC for 30 minutes, which ensured the
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hydrolysis of disaccharides. The hydrolyzed mixture was neutralized with 1 N NaOH
using methyl red as an indicator and was made up to 5 ml. Then 2 ml of aliqot was
mixed with 0.5 ml phenol and 5 ml sulfuric acid and then cooled at 25oC. It was
measured at 490 nm in a spectrophotometer (Model Helios Alpha 100-240 V).

3.6.4 Antioxidant Enzymes
Plant enzyme extraction buffer
Plant materials (leaves) were immediately removed and homogenized using a
precooled mortar and pestle (4°C). The homogenate was aliquoted into 50 mL
centrifuge tubes and then centrifuged in a precooled micro- centrifuge at 9000 rpm for
30 minutes. The supernatant was then aliquoted into 1.5 mLmicro -centrifuge tubes
and stored at -41°C, for later use in all protein and enzyme assays.
Bradford assay reagent
100 mg of Coomassie ® Brilliant Blue G-250 dissolved in 50mL 95% ethanol
in the fume hood, at room temperature, followed by the addition of 100mL85% (w/v)
phosphoric acid. The mixture diluted to 1 L with distilled deionised water. The reagent
is then filtered with a 0.45μm syringe filter and a 10 mL syringe, poured into a one
litre glass-stoppered amber bottle and stored in the dark at 4°C. The reagent is warmed
to room temperature and re-filtered each time before use.
Catalase
Catalase activity was assayed based on spectrophotometric method
determining the degradation of H2O2 through absorbance at 240 nm. The Assay
mixture of Catalase contained 100 mM potassium phosphate buffer (pH 7.0) and 100
µL of enzyme extract. The mixture is the transferred immediately to a 1cm path length
cuvette, without H2O2. H2O2 (6 mM) is added last to initiate the reaction, and the
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decrease in absorbance is recorded every 30 seconds for 5 minutes. The blank is
designated as the potassium phosphate buffer. The activity was expressed in unit/g.

Peroxidase
Peroxidase was assayed by the method of Arnnok et al (2010).

The method

based on a spectrophotometric method determining the degradation of H 2O2 through
absorbance at 470 nm, using guaiacol as a phenolic substrate. The Assay mixture of
peroxidase contained (3 mL), 0.15 mL of 4% (v/v) guaiacol, 0.15 mL of 1% (v/v)
H2O2, 2.66 mL of 100 mM phosphate buffer (pH 7) and 40 μL of the enzyme extract.
The mixture is the transferred immediately to a 1-cm path length cuvette, without
H2O2. H2O2 is added last to initiate the reaction, and the decrease in absorbance is
recorded every 30 seconds for 5 minutes. The blank sample contained the same
mixture solution without the enzyme extract. The activity was expressed in unit/mg.

Polyphenol oxidase
Polyphenol oxidase was assayed by the method of Arnnok et al. (2010).
The Assay mixture of Polyphenol oxidase contained phosphate buffer solution (pH
7.0, 100 mM, and 1.95 mL), 1 mL of 100 mM catechol as a substrate and 50 μL of the
enzyme extract, all of which are mixed in a test tube. The mixture is then transferred
immediately to a 1cm path length cuvette. The absorbance was read at 410 nm
continuously at 25°C every 30 seconds for 5 minutes using a spectrophotometer. The
activity was expressed in Δ OD/min/g.
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Plate 2: Antioxidant enzymes assay

3.7 Statistical Analysis
Statistical analysis was performed using two way analysis of variance (ANOVA)
using SPSS program (version 21). Substrate, cutting type and hormone concentration
was considered as independent factors. The assumption of normal distribution and
equal of variance were checked. The assumption was not met in some of analysis.
When this is a case e.g. shoot dry weight, root dry weight, phenol, amino acid, catalase,
peroxidase, and polyphenol oxidase, data was analyzed by one way Anova. Treatments
were considered significantly different when p value < 0.001. Least significant
differences (LSD) was used to identify the differences between treatments. The LSD
value was calculated using the below equation

LSD = t critical (0.001) * SQRT (MSE/n)
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Chapter 4: Results
4.1 Morphological Parameters
4.1.1 Root Length
The results showed significant effects of cutting type, substrates and IBA
concentration on root length (P0.001). There were significant differences between
substrates with S1 showing highest root length (15.133 cm) (Fig.1). Hard wood cuttings
gave shorter root length (8.54 cm) in most treatments compared to semi hard wood
cuttings (16.46 cm) (Fig.2). Hormone treatments showed significant differences on root
length with H2 showing highest root length (13.92 cm) (Fig.3). Treatment combination
of S2C2H2 gave the highest root length (29.83 cm) as shown in Table 1and Plate 3.
Table 1: Effect of varied substrates, cutting types, IBA concentration, and their
combination on root length (cm) of Tamarix aphylla
Hard wood Cutting

Semi hard wood cutting

Substrate

H1

H2

H3

H1

H2

H3

S1

9.27

11.0

4.07

23.53

23.5

19.43

S2

6.17

9.5

12.5

15.1

29.83

11.5

S3

6.83

11.33

4.5

7.57

6.77

23.73

S4

9.83

7.33

10.17

11.23

12.1

13.23

LSD
0.56
(P0.001)
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Plate 3: Root length (cm)
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Fig.1: Effect of substrates on root length (cm) of Tamarix aphylla
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Fig.2: Effect of cutting types on root length (cm) of Tamarix aphylla
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Fig.3: Effect of IBA concentration on root length (cm) of Tamarix aphylla
4.1.2 Number of Shoots
There was significant effect of cutting type, substrates and IBA concentrations
on number of shoots (P  0.001). There was significant differences between substrates
with S4 showing highest number of shoots (21.89) (Fig.4). Hard wood cuttings gave
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higher number of shoots in all treatments compared to semi hard wood cuttings (Fig.5).
There was significant differences between hormone treatments with H2 showing highest
number of shoots (21.92) (Fig.6). Treatment S4C1H2 gave the highest number of shoots
(44.67) as shown in Table 2 and Plate 4.

Plate 4: Number of shoots
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Table.2: Effect of varied substrates, cutting types, IBA concentration, and their
combination on number of shoots of Tamarix aphylla
Hard wood Cutting

Semi hard wood Cutting

Substrate

H1

H2

H3

H1

H2

H3

S1

23.67

19.67

20.67

21.67

13.67

9.33

S2

29.00

31.33

23.33

9.67

19.33

9.67

S3

34.00

25.00

18.67

7.00

7.00

5.33

S4

31.33

44.67

20.67

7.67

14.67

12.33

LSD
(P0.001)

2.64
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Fig.4: Effect of substrates on number of shoots of Tamarix aphylla
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Fig.5: Effect of cutting types on number of shoots of Tamarix aphylla
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Fig.6: Effect of IBA concentration on number of shoots of Tamarix aphylla
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4.1.3 Number of Roots
There was significant effect of cutting types and substrates on number of roots
produced (P  0.001). There were significant differences between substrates in the
production of roots with S4 showing highest number of roots (6.06) (Fig.7). Hard wood
cutting gave higher number of roots (6.11) in all treatments compared to semi hard wood
cutting (Fig.8). Treatment combination S3C1H3 and treatment S1C2H3 gave the highest
number of roots (8.33) as shown in Table 3.
Table.3: Effect of varied substrates, cutting types, IBA concentration, and their
combination on number of roots of Tamarix aphylla
Hard wood Cutting

Semi hard wood cutting

Substrate

H1

H2

H3

H1

H2

H3

S1

6.33

4.33

4.33

3.67

4.00

8.33

S2

7.00

7.33

4.00

4.67

5.33

3.67

S3

7.00

5.67

8.33

1.00

2.00

3.67

S4

6.33

6.33

6.33

6.67

7.33

3.33

LSD
(P0.001)

0.337
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Fig.7: Effect of substrates on number of roots of Tamarix aphylla
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Fig.8: Effect of cutting type on number of roots of Tamarix aphylla

4.1.4 Time Taken to Initiate Shoot
There were significant effects of cutting type on time taken to initiate shoot (P 
0.001). Hard wood cuttings treatments took shorter time to initiate shoots (11.5 days)
compared to semi hard wood cutting treatments (Fig.9). The combination S2C1H2 took
the shortest time to initiate shoot (9 days after planting) and treatment S2C2H2 took
longest time to initiate shoot (19 days after planting) as shown in Table.4.
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Table 4: Effect of varied substrates, cutting types and IBA concentration and their
combination on time taken to initiate shoot (days) of Tamarix aphylla
Hard wood Cutting

Semi hard wood cutting

Substrate

H1

H2

H3

H1

H2

H3

S1

10.33

11.33

11.33

17.33

10.67

16.0

S2

12.0

9.33

14.0

14.33

18.67

15.67

S3

10.67

11.33

13.67

17.67

14.67

18.33

S4

13.33

10.67

10.0

13.0

16.67

16.67

LSD

2.23

(P0.001)
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Fig.9: Effect of cutting types on time taken to initiate shoot (days) of Tamarix aphylla
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4.1.5 Survival Percentage
Table 5: Effect of varied substrates, cutting types, IBA concentrations, and the
combination on survival percentage (%) of Tamarix aphylla
Hard wood Cutting

Semi hard wood cutting

Substrate

H1

H2

H3

H1

H2

H3

S1

91.667

91.667

83.333

41.667

33.333

41.667

S2

100.000

66.667

83.333

41.667

25.000

33.333

S3

91.667

100.000

66.667

33.333

25.000

25.000

S4

66.667

66.667

91.667

25.000

25.000

25.000

LSD

19.17

(P0.001)
There were significant effects of cutting type on survival percentage (P  0.001)
as shown in table 5. There were significant differences between hard wood cuttings and
semi hard wood cuttings in survival percentage (P  0.001). Hard wood cuttings showed
higher survival percentage (83.3 %) compared to semi hard wood cutting as shown in
Fig.10.
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Fig.10: .Effect of cutting types on survival percentage (%) of Tamarix aphylla
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4.1.6 Shoot - Root Ratio
There were significant effects of cutting type on shoot - root ratio (P  0.001)
as shown in table.6.
Table 6: Effect of varied substrates, cutting types, IBA concentrations, and the
combination on shoot - root ratio of Tamarix aphylla
Hard wood Cutting

Semi hard wood cutting

Substrate

H1

H2

H3

H1

H2

H3

S1

4.533

3.950

4.800

5.567

2.433

1.133

S2

4.233

4.200

6.117

2.283

3.500

2.733

S3

6.900

3.700

2.633

7.000

3.500

1.483

S4

5.010

6.533

3.767

1.133

2.317

3.767

LSD
P0.001

0.9

Hard wood cuttings showed higher shoot - root ratio (4.69) compare to semi hard
wood cuttings as shown in Fig.11.
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Fig.11: Effect of cutting types on shoot- root ratio of Tamarix aphylla
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4.1.7 Fresh Weight and Dry Weight
There was a significant effect of cutting types and substrates on root fresh weight
(P  0.001). There were significant differences between substrates with S1 showing
highest root fresh weight (1.398 g) (Fig.12). Hard wood cuttings gave higher root fresh
weight (1.53 g) compared to semi hard wood cuttings (Fig.13). There were significant
differences between hormone treatments with the control showing higher root fresh
weight (1.29 g) (Fig.14). Treatment S4C1H1 gave the highest root fresh weight (2.92 g)
as shown in Table 7.
Table.7: Effect of varied substrates, cutting types, IBA concentrations, and the
combination on root fresh weight (g) of Tamarix aphylla
Hard wood Cutting

Semi hard wood cutting

Substrate

H1

H2

H3

H1

H2

H3

S1

2.00

1.376

1.42

1.068

0.679

1.836

S2

0.839

1.55

1.27

1.12

1.34

0.328

S3

1.98

1.44

0.651

0.124

0.076

0.201

S4

2.92

1.67

1.22

0.26

0.41

0.36

LSD
(P0.001)

0.145
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Fig.12: Effect of substrate on root fresh weight (g) of Tamarix aphylla
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Fig.13: Effect of cutting types on root fresh weight (g) of Tamarix aphylla
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Fig.14. Effect of IBA concentrations on root fresh weight (g) of Tamarix aphylla
Results showed significant effect on cutting types, substrates and hormone
concentrations on shoot fresh weight (P  0.001). The maximum shoot fresh weight
recorded was (5.92 g) in the S4C1H1 treatment (Table 8).
Table.8: Effect of varied substrates, cutting types, IBA concentration, and their
combination on shoot fresh weight (g) of Tamarix aphylla
Hard wood Cutting

Semi hard wood cutting

Substrate

H1

H2

H3

H1

H2

H3

S1

5.47

2.98

3.88

3.78

2.18

5.48

S2

4.36

5.75

4.04

5.02

4.95

1.58

S3

4.72

4.33

1.9

0.884

0.733

0.807

S4

5.92

3.95

2.51

1.23

1.66

1.42

LSD

0.235

(P0.001)

The fresh weight of shoots showed the same trend as in the case of roots fresh
weight in which there were significant differences between substrates with S2 showing
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highest shoot fresh weight (4.288 g) (Fig.15). The hard wood cutting treatments gave
higher shoot fresh weight (4.15 g) compared to semi hard wood cuttings (Fig.16). There
were significant differences between hormone treatments with control showing highest
shoot fresh weight (3.92 g) (Fig.17).
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Fig.15: Effect of substrates on shoot fresh weight (g) of Tamarix aphylla
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Fig.16: Effect of cutting types on shoot fresh weight (g) of Tamarix aphylla
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Fig.17: Effect of IBA concentrations on shoot fresh weight (g) of Tamarix aphylla

There was significant effect of cutting types on root dry weight with hard wood cutting
showing highest root dry weight (0.8 g) (P0.001) as shown in Fig.18
0.9
0.8

a

root dry weight (g)

0.7
0.6
0.5
0.4

b

0.3
0.2
0.1
0

HARD

SEMIHARD

cutting types

Values that are not sharing a common superscript (a, b, c, d) differ significantly at P  0.001

Fig.18: Effect of cutting type on root dry weight (g) of Tamarix aphylla
LSD (P0.001) 0.231
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Results showed significant effects of substrates and cutting type on shoot dry
weight (P0.001) with S2 showing highest shoot weight (1.95 g) and hard wood cuttings
showing highest shoot weight (1.88 g) as shown in Fig.19 and Fig.20.
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Fig.19: Effect of substrates on shoot dry weight (g) of Tamarix aphylla
LSD (P0.001) 0.442
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Fig.20: Effect of cutting type on shoot dry weight (g) of Tamarix aphylla
LSD (P0.001) 0.442
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4.2 Chemicals Analysis
4.2.1 Calcium
There was a significant effect on cutting types, substrates and IBA
concentrations on calcium content (P 0.001). There were significant differences
between substrates with S3 showing highest calcium content (11952.7 mg/kg) (Fig.21).
There was a significant difference between types of cutting treatment (Fig.22) on
calcium content with SHW showing highest quantity (10637.8 mg/kg). There were
significant differences between different hormone treatments with H3 showing highest
quantity (11429.4 mg/kg) (Fig.23). Interaction effect of treatment S3C1H1 gave the
highest calcium content (17438.247 mg/kg) as shown in Table 9.
Table.9: Effect of varied substrates, cutting types, IBA concentration, and their
combination on calcium content (mg/kg) of Tamarix aphylla
Hard wood cutting
Substrate

H1

H2

S1

4498.594

9964.552

S2

3596.200

8270.030

Semi hard wood cutting
H2

H3

13084.075 14614.192

6189.202

16396.530

6564.447

9039.287

15160.704

S3

17438.247 10815.807 13453.053 10422.094 10088.712

9498.736

S4

5847.428

8086.193

LSD

34.8

(P0.001)

8962.670

H3

9191.482

H1

13409.150

5536.051

9213.490
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Fig.21: Effect of substrates on calcium content (mg/kg) of Tamarix aphylla
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Fig.22: Effect of cutting types on calcium (mg/kg) content of Tamarix aphylla
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Fig.23: Effect of IBA concentrations on calcium content of Tamarix aphylla
4.2.2 Magnesium
There were significant effects of cutting type, substrates and IBA concentration
on magnesium content (P0.001). There were significant differences between substrates
(Fig.24) with S1 showing highest magnesium content of 4703.485 mg/kg. There was a
significant difference between cuttings types treatment (Fig.25) with SHW cutting
showing highest value of 4504.246 mg/kg. There were significant differences between
hormone treatments with H3 showing highest content (4712.7 mg/kg) (Fig.26).
Treatment S2C2H3 gave the highest magnesium content (6412.066 mg/kg) as shown in
Table 10.
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Table.10: Effect of varied substrates, cutting types, IBA concentration, and their
combination on magnesium (mg/kg) content of Tamarix aphylla
Hard Cutting
Substrate

H1

H2

Semi hard cutting
H3

H1

H2

H3

S1

2350.214 4620.924 5858.292 5651.292 3705.248 6034.938

S2

1413.777 2922.290 3344.379 4845.768 4023.508 6412.066

S3

5489.519 3690.087 5036.476 4958.514 3644.271 3609.784

S4

3251.081 4068.129 4185.761 3661.936 4283.154 3220.468

LSD

12.1

(P0.001)
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Fig. 24: Effect of substrates on magnesium content (mg/kg) of Tamarix apylla
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Fig. 25: Effect of cutting types on magnesium content (mg/kg) of Tamarix apylla
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Fig. 26. Effect of IBA concentrations on magnesium content (mg/kg) of
Tamarix. aphylla
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4.3 Biochemical Analysis
4.3.1 Phenol
There was significant effect of substrates (Fig.27) on phenol content in the
cuttings with S4 giving significantly high phenol content of 16.816 mg/g compared to
other substrate treatments except S1 (13.372 mg/g) which is on par with S4.(P  0.001).
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Fig.27: Effect of substrates on phenol content (mg/g) of Tamarix aphylla
LSD (P0.001) 3.71
Hard wood cuttings gave higher phenol content (17.8 mg/g) compared to semi hard
wood cutting (Fig.28).
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Fig.28: Effect of cutting type on phenol content (mg/g) of Tamarix aphylla
LSD (P0.001) 3.71

4.3.2 Total Soluble Sugars
There were significant effects of substrates, cutting type and IBA concentration
on total soluble sugars content (P0.001). There was significant different between
substrates with S4 showing highest content (35.69 mg/g) and S3 showing lowest content
(31.3 mg/g) (Fig.29). There was significant different between cuttings type with hard
wood cutting showing highest content (36.7 mg/g) (Fig.30). There was significant
different between different hormone treatments (Fig.31).
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Table.11: Effect of varied substrates, cutting types, IBA concentration, and their
combination total soluble sugars content (mg/g) of Tamarix aphylla
Hard Cutting

Semi hard cutting

Substrate

H1

H2

H3

H1

H2

H3

S1

34.7

36.9

31.4

43.8

31.7

30.04

S2

39.8

51.3

27.6

27.4

31.2

35.9

S3

32.1

48.3

24.5

27.4

26.3

29.3

S4

57.9

29.6

26.9

27.7

44.6

27.4

LSD

2.57

(P0.001)

Treatment S4C1H1 gave the highest sugars content (57.9 mg/g) as shown in table 11.
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Fig.29: Effect of substrates on TSS content (mg/g) of Tamarix aphylla
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Fig.30: Effect of cuttings type on TSS content (mg/g) of Tamarix aphylla
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Fig.31: Effect of IBA concentrations on TSS content (mg/g) of Tamarix aphylla
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4.3.3 Amino Acids
There was no significant effect of cutting types, substrates and IBA treatments
on amino acid content (P 0.001) as shown in fig.32, 33 and 34.
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Fig.32: Effect of substrates on Amino acids content (mg/g) of Tamarix aphylla
LSD (P0.001) 0.00075
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Fig.33: Effect of cutting type on Amino acids content (mg/g) of Tamarix aphylla
LSD (P0.001) 0.00075
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Fig.34: Effect of IBA concentrations on Amino acids content (mg/g) of
Tamarix aphylla
LSD (P 0.001) 0.00075
.
4.4 Antioxidant Enzymes
4.4.1 Polyphenol Oxidase (PPO)
There was significant effects of cutting type and substrates on the activity of
polyphenol oxidase (Δ OD/min/g F.W) (P0.001). There were significant differences
between substrates with S2 showing highest activity (0.628 Δ OD/min/g) (Fig.35).
There was significant differences between hard wood cuttings and semi hard wood
cuttings on the activity of polyphenol oxidase (P0.001) with SHM showing higher
activity (0.735 Δ OD/min/g) as shown in Fig.36.
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Fig.35: Effect of substrates on activity of polyphenol oxidase Δ OD/min/g F.W of
Tamarix aphylla
LSD (P 0.001) 0.118
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Fig.36. Effect of cutting type on activity of polyphenol oxidase Δ OD/min/g F.W of
Tamarix aphylla
LSD (P 0.001) 0.118
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4.4.2 Catalase
There were significant effects of IBA concentrations on the activity of CAT
(u/g) (P0.001). There was a significant difference between hormone treatments with
control showing highest activity (0.667u/g) (Fig37).
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Fig.37: Effect of IBA concentrations on activity of catalase (u/g) of Tamarix aphylla
LSD (P 0.001) 0.161

4.4.3 Peroxidase
There were significant effects of cutting type, substrates and IBA concentration
on the activity of peroxidase (u/mg) (P0.001). There were significant differences
between substrates with S2 showing highest activity (1.27 u/mg)(Fig.38). The activity
of peroxidase was higher in semi hard wood cuttings (1.135 u/mg) compare to hard
wood cuttings (Fig.39).There was significant differences between IBA treatments with
control showing highest activity (1.25 u/mg) (Fig.40).
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Fig.38: Effect of substrates on activity of peroxidase (u/mg) of Tamarix aphylla
LSD (P 0.001) 0.303
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Fig.39: Effect of cutting type on activity of peroxidase (u/mg) of Tamarix aphylla
LSD (P 0.001)) 0.303

62

peroxidase activity (u/mg)

1.4

a

1.2

b

1
0.8

c

0.6
0.4
0.2
0
0 PPM

500 PPM

1000 PPM

IBA concentrations
Values that are not sharing a common superscript (a, b, c, d) differ significantly P  0.001.

Fig.40: Effect of IBA concentration on activity of eroxidase of Tamarix aphylla
LSD (P 0.001) 0.303
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Chapter 5: Discussion
The present investigation was conducted to standardize the techniques
involved for rapid vegetative propagation of Tamarix aphylla. The results on growth
characters, biochemical constituents, Calcium & Magnesium and antioxidant enzymes
are discussed hereunder.
5.1 Morphological Parameters
5.1.1 Root Length
The root length was found to be higher in semi hard wood cutting treatments
compared to hard wood cutting treatments. Treatment with substrate (potting soil (25%),
peat moss (50 %) perlite (25%)) and with 500ppm IBA gave the highest root length
followed by treatment with substrate (potting soil (25%), coconut husk fiber (25 %),
peat moss (25%), charcoal (12.5%), and perlite (12.5 %)) and with 1000 ppm IBA.
Semi hard wood cuttings might have given higher root length may be due to early
differentiation of root cells and enhanced cell elongation by the effect of hormone. The
length of root was positively affected by IBA as compared to control. The effect may
be due to rapid translocation property or fast destruction by auxin, increasing the
enzymatic activity, as reported by Debnath and Maiti, 1990. This might be also due to
the combined effect of type of cuttings, substrate and IBA tested. (Yeshiwas et al.,
2015) found similar results when he found that semi hard wood stem cuttings of rose
of Natal Break rootstock gave higher root length compare to hard and soft wood
cutting. (Paul et al., 2009) reported that IBA (2500 ppm) treatment of Syzygium
javanica L stem cutting gave the highest average length of roots followed by 500 ppm
IBA. Masomeh et al.,( 2014) observed that the longest root length obtained at the
concentration of 1000 ppm. Wazir, (2014) found that the longest root length obtained
at the 500 IBA concentration for both the hard wood cutting and the semi hard cutting
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of Camellia japonica and similar observations were made by (Goutam et al., 2013)
with the longest root length obtained at the 500 IBA concentration in nodal cuttings of
Saraca asoka. This is may be because of IBA’s poor translocation, it remains near the
site of application and hence acts as one of the best root stimulators and also this can
be attributed to the effectiveness of comparatively higher doses of both the rooting
hormones in early induction of callus formation and faster emergence and
development of roots in the treated cuttings. Al-Zebar et al.,( 2015) also observed
higher root length at 500 ppm IBA concentration in citron stem cuttings (Citrus medica
L.). This is might be due to the co-effect of both the type of cutting and the auxin.
The increase in length of roots in cuttings treated with growth regulators may
be due to enhanced hydrolysis of carbohydrates, accumulation of metabolites at the
site of application of auxins, synthesis of new proteins, cell enlargement and cell
division induced by auxins (Strydem, et al., 1960).
The present investigation was in conformity with the above findings and it
could be possible that there should be a threshold level for each species at which
maximum root production could be achieved. Apart from IBA treatment the right
combination of substrate constituents might also have contributed to providing the
favorable condition with optimum moisture conditions, aeration and temperature to
compliment the action of the IBA treatment.
5.1.2 Number of Shoots
The number of shoots was increased in hard wood cutting treatments compared
to semi hard wood treatments. Treatment with hard wood cuttings, substrate (potting
soil (25%), coconut husk fiber (50%), charcoal (12.5%), and perlite (12.5%)) and with
500 ppm IBA gave highest number of shoots. It could be due to the fact that hardwood
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cuttings contain stored foods such as hydrocarbons, nucleic acids, proteins and natural
hormones that can be used for shoot growth and development.
Cuttings that received enough concentration of IBA enhanced vegetative
growth by rapid cell multiplication resulting in promotion of shoots number. Effect of
IBA in promoting enzymatic activity and photosynthetic activity, followed by
increased food material utilization and faster rate of cell division and multiplication
caused increase in number of shoots (Thimman, 1972).
This observation is in agreement with the findings of Wazir, (2014) with
highest number of shoots obtained with 500 ppm IBA concentration for the hard wood
cutting of Camellia japonica and at 1000 ppm IBA for the semi hard cutting of
Camellia japonica. It could be visualized that the production of shoots with leaves is
a predisposing factor in the induction of roots, which substantiates the efficient root
production with same treatment combinations. The initial production of shoots might
have contributed to the biosynthesis of rooting co-factors and metabolites favoring
efficient root production as we noticed in our experiment which is in agreement with
the findings of (Masaaki et al 1986) reporting the synthesis of pterocarpinoid
phytoalexins, glyceollin, pisatin, and phaseollin, stimulating adventitious root
formation in a mung bean rooting bioassay in the presence of indole acetic acid. In our
experiment we have used IBA, another auxin class of hormone which might have
favored the synthesis of rooting cofactors in efficient root production. But we could
not conclusively establish this theory since no work has been done on rooting cofactors
(Masaaki et al., (1986).
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5.1.3 Number of Roots
The hard wood cutting treatments showed higher number of roots compared to
semi hard wood treatments. Treatment with hard wood cuttings, substrate (potting soil
(25%), coconut husk fiber (25 %), peat moss (25%), charcoal (12.5%), and perlite
(12.5 %)) and with 1000 ppm IBA gave highest number of roots. This is similar to the
results of (Paul et al., 2009) when he found highest percentage of rooting is in the airlayer treated with 1000 ppm IBA whereas, 500 ppm and 2500 ppm IBA with no
significant effect on rooting. He concluded that IBA at 1000 ppm concentration is more
effective to enhance rooting on air-layers of water apple. The enrichment of rooting
number may perhaps be attributed to the transformation of auxin after absorption.
Auxin play multifarious roles related to the division and elongation of meristematic
cells, differentiation of cambial initials into root primordial and in the mobilization of
reserve food material, thereby enhancing the activities of the hydrolyzing enzymes
(Nanda, 1970; Nanda and Kochar, 1985).

Aminah et al., (1994) found that IBA

enhanced the number of roots developed on each rooted cutting of S. leprosula as
indicated by the greater number of roots produced compared with the untreated
cuttings. IBA is recommended to be applied for rooting of juvenile stem cuttings of S.
leprosula.
According to Davis and Hassig (1990), the production of adventitious roots in
plants through cell division, multiplication and specialization is also controlled by
plant growth substances especially auxins. This implies that treating stem cuttings with
auxins can increase the percentage of rooting, root initiation and number of roots.
Masomeh et al., (2014) reported the highest rooting percent in Elaeagnus angustifolia
L semi hard wood cuttings were obtained at the concentration of IBA 1000 ppm and
in the coco peat and perlite medium.
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Wen et al.,(1991) observed that IBA increased number of root in apple
rootstock at concentrations of 500 ppm and 1000 ppm and similar observations were
made by (Wazir, 2014) reporting highest number of roots at

1000 ppm IBA

concentration for both the hard wood cutting and the semi hard cutting of Camellia
japonica. Al-Zebar et al., (2015) obtained highest rooting percentage with 500 ppm
and 1000 ppm IBA concentrations on rooting of citron stem cuttings (Citrus medica
Linnaeus). From the results of (Yeshiwas et al., 2015) rose stem cutting with 1000
ppm of IBA improved the cutting and grafting. According to Villar (1997), better
formation of roots due to auxin treatment may be due to accumulation of metabolites
at the site of application, synthesis of new protein, callus formation, cell division and
cell enlargement. This corroborates with our finding in the production of roots with
1000 ppm IBA. Our results on root production is also in conformity with the findings
of Sabatino et al., 2014) who found that the number of roots in Teucrium fruticans was
affected by cutting type and IBA treatment. The season some time play an important
role in rooting, moreover, cutting size (length, thickness and number of buds/cutting)
and cutting age also play an important part in rooting response of shoot cuttings.
According to Hartmann et al. (2002), one of the best rooting promoters is the IBA due
to its fast auxin activity and an enzymatic system of fairly slow destruction. In our
study, IBA with appropriate concentration induces early and better root initiation in
cuttings treated, compared to control. Thus, maximum number of roots was produced
in the treatment which received maximum concentration of IBA (1000 ppm). Increased
number of roots due to IBA application is a common feature in many plants.
Reductions in number of roots were observed with reduction in size of cuttings
between hard wood and semi hard wood cuttings. This is in conformity with the
findings of (Gopale et al., 2011).
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5.1.4 Time Taken to Initiate Shoot
The hard wood cutting treatment took less time to initiate shoot compared to
semi hard wood cutting treatments. Treatment with hard wood cutting, substrate
(potting soil (25%), peat moss (50 %) perlite (25%)) and with 500 ppm IBA took the
lowest time to initiate shoot (9 days after planting). The reason may be due to the fact
that hardwood cuttings contain stored foods such as hydrocarbons and stored foods is
an important feature for rooting that enables the hardwood cuttings to grow and
develop quickly than other types of cuttings ((Yeshiwas et al., 2015).
Aminah et al., (1994) reported that the predicted time taken for 50% rooting,
the stem cuttings of Shorea leprosula was significantly shorter in cuttings with IBA
treatments compared with un treated cuttings. Sharma (2014) found that the earliness
in the bud appearance in the Tagetes erecta L cuttings was in IBA 100 ppm. Poornima
et al., (2012) observed stem cuttings of rosemary (Rosmarinus officinalis L. treated
with IBA 3000 ppm were observed to sprout early (15.19 days), with early rooting and
similar observations were made by (Abbas et al., 2015) with less time to initiate shoot
of rose cultivar in IBA treatments compared to untreated cutting. Early shoot initiation
may be due to increase in endogenous level of auxin leading to the early bud formation
(Singh, 1999) and also enhanced enzymatic activity resulted from faster mobilization
of photosynthesis leading to early transformation of vegetative to reproductive phase
(Zimmerman and Wilcoxon, 1935).
Early roots and shoot formation may be due to partitioning of photosynthates
and utilization of stored carbohydrates and phenols towards root and shoot
development. Faster sprouting and increase in number of sprouts may be attributed to
activation of shoot growth due to growth regulators (Poornima et al., 2012).
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5.1.5 Survival Percentage
The hard wood cutting treatments showed higher survival percentage
compared to semi hard wood cutting treatments. Treatments with hard wood cutting,
substrate (potting soil (25%) , peat moss (50 %), perlite (25%)) and with 0 ppm IBA
and hard cutting with substrate (potting soil (25%), coconut husk fiber (25 %) , peat
moss (25%) , charcoal (12.5%) ,perlite (12.5 %) and with 500 ppm IBA showed
highest survival percentage.
Saifuddin et al., (2013) found that IBA hormone applications on Peltophorum
pterocarpum cuttings were more effective in terms of survival than the NAA or
control. Singh (1999) found that the survival percentage of tomato (Lycopersicon
esculentum) was significantly higher in the plant growth regulator treatments with 500
ppm IBA. In another observation Nanda and Mishra (2010) recorded high percentage
of survival in the field with used IBA for rooting in stem cuttings of Hibiscus rosasinensis and Susaj et al. (2012) found that by using IBA 500 ppm, the maximum
survival percentage of Rosa sp. can be achieved but Haixia et al. (2013) reported the
maximum survival percentage of rose cuttings treated with IBA 250 ppm showing
differential responses with different concentrations of IBA. In similar studies
Poornima et al., (2012) observed that stem cuttings of rosemary (Rosmarinus
officinalis L treated with IBA at 3000 ppm showed the highest survival (92.75%).
Our findings were also found to be in agreement with Edgar (2012) reporting
that 1000 ppm of IBA was the optimum concentration that induced the highest
percentage of survival in Tindalo (Afzelia rhomboidea ) cuttings. Sabatino et al.,(2014)
found that no significant effect of cutting type and IBA treatment duration was found
on cutting survival of Teucrium fruticans. On the other hand Abbas et al.,(2015) found
that the survival percentage of rose cultivar cutting was higher in IBA treatments
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compare to untreated cutting. Higher survival percentage in hard wood cutting could
be attributed to auxin activity which enhances the translocation of metabolites causing
increased survival percentage of the hard wood cutting.
Treatment S2C1H1 that showed the highest survival percentage may be due to
the combined effect between type of cuttings and IBA tested and may be also due to
the availability of good amount of nutrients better aeration and high water holding
capacity of substrate. The better performance of the untreated cuttings over the
hormone treated ones showed that the growth hormones used had no significant effect
on the survival percentage of Tamarix aphylla. This probably implies that vegetative
propagation of Tamarix aphylla is possible without the use of growth hormones as
previously reported by Aminul-Islam et al. (2010) in vegetative propagation of
Jatropha curcas.
5.1.6 Shoot - Root Ratio
Same trend in the shoot and root ratio in which hard wood cutting treatments
gave higher shoot to roots ratio compare to semi hard treatments. This is related to the
number of shoots and roots produced in each treatment. According to Hedge (1988),
the poor performance of small size cutting was due to the reason that cuttings were
still under maturity and may be devoid of sufficient food material for induction of roots
and shoots.
5.1.7 Fresh Weight and Dry Weight of Shoots and Roots
The fresh weight and dry weight of both roots and shoots was higher in hard
wood cutting treatments. Treatment with substrate (potting soil (25%), coconut husk
fiber (50%), charcoal (12.5%), and perlite (12.5%)) and with 0 ppm IBA gave
maximum shoot and root fresh weight. Treatment with hard cutting, substrate (potting
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soil (25%), peat moss (50 %) perlite (25%)) and 500 ppm IBA gave high shoot fresh
weight. It was observed that fresh weight of roots is directly associated to the number
and size of root. Increase in number of roots in hard wood cuttings, enhanced the fresh
weight of roots. The reason for this may be the more rapid translocation of IBA along
the way of cell division and elongation and enhanced enzymatic activity (Debnath and
Maiti, 1990).
Our results for combination of substrates, type of cutting and IBA 0 ppm is
contrary to the findings of Hartmann et al. (2002), where he reported that stimulation
of rooting process with auxin, carbohydrate transportation from leaves to root
increases, therefore it causes increasing of dry weight of root. Our results differ may
be due to the combined effects of substrates, IBA and types of cutting. This finding
was contrary to the observations of (Yeshiwas et al., 2015) who observed that the
highest shoot fresh and dry weight and the highest root dry weight in stem cutting of
rose of Natal Break rootstock obtained at 1000 ppm IBA concentration. He observed
also that hard cutting gave the highest shoot fresh and dry weight and the highest root
dry weight. Sharma (2014) found that maximum fresh and dry weight of roots and
plants in the Tagetes erecta L cuttings treated with IBA 400 ppm which is also in
agreement with the present findings. The increase in dry weight may be ascribed to
effects of plant growth regulators, higher rate of supply of photosynthates from source
to sink which subsequently might have resulted in higher fresh weight and dry matter
accumulation (Singh, 2004).
5.2 Chemical Analysis
5.2.1 Calcium
There was significant difference between treatments in calcium content.
Treatment with hard wood cutting, substrate (potting soil (25%), coconut husk fiber
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(25 %), peat moss (25%), charcoal (12.5%), and perlite (12.5 %)) and with 0 ppm IBA
gave highest calcium content. Treatments with 1000 ppm IBA gave higher calcium
content compare to other treatments. The results suggest that calcium may be
necessary for the regulatory action of auxin which might have contributed to enhance
absorption of calcium in our results (Poder, 1990).
5.2.2 Magnesium
There was a significant variation between treatments in magnesium content.
The highest content was given by treatment with semi hard wood cutting, substrate
(potting soil (25%), peat moss (50 %) perlite (25%)) and with 1000 ppm IBA. The
majority of treatments with 1000 ppm IBA gave higher magnesium content in both
hard and semi hard cutting. In semi hardwood it is possible that Mg moved to the shoot
which is in semi hard wood state like other mobile elements. This should have
facilitated in the enhance accumulation of Mg in semi hard wood and bark as has been
observed by Ferguson et al.,( 1981) which is metabolically very active.
5.3 Biochemical Analysis
5.3.1 Phenol
Hard wood cutting treatments gave higher phenol content compared to semi
hardwood cutting treatments. Treatments in substrate (potting soil (25%), coconut
husk fiber (50%), charcoal (12.5%), and perlite (12.5%)) showed high phenol content
followed by treatment with control substrate (potting soil (50%) and peat moss
(50%).It could be possible that the phenol metabolism may contribute to adventitious
root production. This is in conformity with the findings of (Goutam et al.,2013)
showing that total phenol content was maximum in IBA-treated cuttings and reported
that it might be possible that phenolic play key role for induction of adventitious
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rooting. Qaddoury et al.,( 2003) observed that phenolic contents steeply increased
immediately after IBA treatment, reached a peak on day 6, and then sharply decreased
in the IBA-treated off shoots whereas in the control, phenolic gradually increased over
the first two weeks and then decreased. Tehranifar et al., (2014) reported that the
cutting of Berberis thunbergii var. atropurpurea responded to IBA and IBA + H2O2
treatments showing higher phenolic compound concentrations over the control during
root formation. In similar observations Poornima et al.,( 2012) reported stem cuttings
of rosemary (Rosmarinus officinalis L treated with IBA at 3000 ppm lowest phenol
content (0.25%), while the untreated cuttings recorded maximum phenol content
(0.84%). Phenolic compounds as modifiers of the activities of peroxidase and
polyphenol oxidase, as both inhibitors and stimulators, may influence the emergence
of roots from cuttings. Phenolic compounds have inhibitory or stimulatory effects on
plant growth depending upon the species (Ozyuigit, 2008). The difference in the total
phenols in the cuttings treated with different IBA is may be responsible for difference
in the rooting ability (Poornima et al., 2012).
5.3.2 Total Soluble Sugars
Most of the hard wood cutting treatments gave higher total soluble sugars
content compared to semi hard cutting treatments. Treatment with hard cutting ,
substrate (potting soil (25%), coconut husk fiber (50%) ,charcoal (12.5%) ,perlite
(12.5%)) and with 0 ppm IBA showed highest total soluble sugars content followed
by treatment with hard cutting , substrate (potting soil (25%) , peat moss (50 %), perlite
(25%) and with 500 ppm IBA. This is contrary to the observations of (Tehranifar et
al., 2014) reporting stem cutting of Berberis thunbergii var. atropurpureawith IBA and
IBA + H2O2 treatments showing a slight decrease in TSS from 0 to 40 d after planting
and a strong decrease from 40 to 50 d after planting.
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Azamal et al., (2015) in mulberry (Morus alba L.) stem cuttings, observed the
TSS content in the rooting zone of cuttings, also varied significantly with IBA
treatments and culture duration. It decreased with time up to the 30th day of culture,
after which it did not show much variation. Poornima et al., (2012) found that stem
cuttings of rosemary (Rosmarinus officinalis L treated with IBA at 3000 ppm) recorded
comparatively higher amount of total soluble sugar .The above findings coraborates
the findings of this study that the cuttings enhance the sugar content which is
absolutely important in enhancing rooting efficiency that it provides carbon
supplements.
5.3.3 Amino Acids
The results showed that no significant difference between treatments in amino
acid content for both hard and semi hard treatments.
5.4 Antioxidant Enzymes
5.4.1 Polyphenol Oxidase (PPO)
The activity of polyphenol oxidase was higher in semi hard cutting treatments
compare to hard cutting treatments. The activity was higher in 500 ppm IBA and in
substrate (potting soil (25%), peat moss (50 %) perlite (25%)). The activity was lower
in hard wood cuttings may be because root growth in cuttings starts with the decrease
in PPO activity. This has also been indicated by Vaughn & Duke (1984), who
determined that PPO plays a role in polyphenol synthesis and inhibits lignin
biosynthesis, consequently affecting cell division, cell differentiation and root
emergence.
Goutam et al.,( 2013) found that polyphenol oxidase activity increased both in
IBA-treated and control-treated cuttings during induction and initiation phase. (Satisha
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et al., 2008; Yilmaz et al., 2003) reported that polyphenol oxidase activity has also
significant role during the rooting of hard wood cutting which is in agreement with the
present study. Tehranifar et al., (2014) reported stem cutting of Berberis thunbergii
var. atropurpurea showed polyphenol oxidase activity of the control cuttings was lower
than that of the other treatments during root formation. The IBA and IBA + H 2O2
treatments showed an increase in polyphenol oxidase activity from 0 to 50 d after
planting; the highest polyphenol oxidase activity was observed for the IBA + H2O2
treatment. From our results which showed lower activity in hard wood cutting, it can
be stated that PPO does not affect the formation of the root, but it does affect cell
division, cell differentiation and the development and organization of root primordia
(Yilmaz et al., 2003).
5.4.2 Catalase
Semi hard wood cutting treatments showed higher catalase activity compared
to hard wood cutting treatments. The activity was higher in 0 ppm IBA and in
substrate (potting soil (25%), peat moss (50 %) perlite (25%). Karatas et al.,( 2010)
found that auxins generally did not affect CAT and POD activities except for CAT at
sixth day during senescence period.in Tropaeolum majus L. This means the IBA has
no effect on catalase activity in Tamarix aphylla stem cuttings. This report is total
agreement with the present findings that without IBA the enzyme activity was
higher.
5.4.3 Peroxidase
Peroxidase activity showed an increase in the semi hard wood cutting
treatments compared to hard wood cutting treatments. The activity was higher in 0
ppm IBA and in substrate (potting soil (25%), peat moss (50 %) perlite (25%))
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followed by 500 ppm IBA. Plant peroxidases are known to affect auxin metabolism
and lignification in the cell wall in the presence of phenol (Rout, 2006). Peroxidase
activity increased during cell division and primordium formation. Peroxidase helps to
form the cofactors necessary for root initiation (Gunes, 2000). Increased total
peroxidase may be due to the formation of new isozymes. Synchronous changes in
isozyme patterns of peroxidase have been positively correlated with induction and
initiation of rooting in several plant species (Cheniany et al., 2010).
Goutam et al., (2013) recorded higher peroxidase activity in IBA-treated
cuttings as compared to control. The activity of peroxidase in IBA-treated cuttings
clearly increased up to the expression phase, whereas in the case of control cuttings it
showed stabilization or modest increase during the initiation and expression phases.
The increase in peroxidase activity observed in IBA-treated cuttings during induction
and initiation phase. Tehranifar et al., (2014) reported that stem cuttings of Berberis
thunbergii var. atropurpurea treated with IBA + H2O2 showed the lowest peroxidase
activity after planting. The peroxidase activity of the cuttings decreased slightly up to
40 days after planting and the lowest peroxidase activity was observed in cuttings
treated with IBA + H2O2. He found that peroxidase activity decreased rapidly for all
treatments from 60 to 80 days after planting. The increase in soluble peroxidase
activity could be due to a general increase in all isozymes or to an increase in particular
isozyme already present or to the appearance of new isoenzymes (Cheniany et al.,
2010).The activity of peroxidase agrees with the finding but the role izozymes cannot
be explained conclusively because it has not been investigated in the present research.
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Chapter 6: Conclusion
Tamarix aphylla L. of family Tamaricaceae was selected for the present
investigation since it is an important plant in the landscape. It is native to Middle East
(which include UAE), North Africa and south Asia. The tree is drought, heat and salt
tolerant. It has some traditional uses and can be used as landscape plant.
The research leading to standardize the propagation of Tamarix aphylla L. is
very rare and therefore it is not widely exploited in the urban landscaping. The present
study was aimed to standardize the methodology and substrate for rapid propagation
of Tamarix aphylla L. under different substrates and different types of cutting with the
application of IBA concentrations.
The parameters studied were, morphology, chemical and biochemical
constituents and antioxidant enzymes activities under the influence of different
substrates, types of cutting and IBA concentrations. Hard wood cutting was the best
type of cutting in the morphological parameters like root number, shoot number,
survival percentage, time taken to initiate shoot, shoot- root ratio, fresh and dry weight
of roots and shoots. Only the root length was higher in semi hard wood cuttings
compared to hard wood cuttings. Soft wood cutting didn't give any results in this study.
The growth parameters such as root length, root number , shoot number and time taken
to initiate shoot was higher under IBA treatments compare to untreated control
treatments whereas root and shoot fresh weight, and survival percentage was higher in
the untreated control treatment compare to IBA treatments.
With respect to substrate (potting soil (25%), peat moss (50 %) perlite (25%))
was the best substrate in most of the morphological parameters followed by substrate
(potting soil (25%), coconut husk fiber (25 %), peat moss (25%), charcoal (12.5%),
and perlite (12.5 %)). The substrate (potting soil (25%), coconut husk fiber (50%),
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charcoal (12.5%), and perlite (12.5%)) gave better results compare to control substrate
(potting soil 50%, peat moss 50%).
In this study , the IBA 500 ppm treatment gave best results compared to control
(IBA 0 ppm) followed by IBA 1000 ppm which also gave good results in most of the
morphological parameters.
There was variation in chemical content such as calcium and magnesium.
Treatment with hard wood cutting, substrate (potting soil (25%), coconut husk fiber
(25 %), peat moss (25%), charcoal (12.5%), and perlite (12.5 %)) and with 0 ppm IBA
gave highest calcium content. IBA 1000 ppm gave higher calcium content compare to
other treatments.
Semi hard wood cutting, substrate (potting soil (25%), peat moss (50 %) perlite
(25%)) and with 1000 ppm IBA gave higher magnesium content. But it can be clearly
seen that IBA 1000 ppm treatment gave higher calcium and magnesium content in hard
wood and semi hard wood cutting compared to other IBA treatments.
The biochemical constituents like phenol and total soluble sugars content was
higher in hard wood cutting treatments compare to semi hard treatments. IBA 500 ppm
and substrate (potting soil (25%), peat moss (50 %) perlite (25%)) showed higher TSS
content compared to other treatments. The results of this study didn't show any
significant different between treatments in amino acid content for both hard and semi
hard treatments.
The antioxidant enzymes like polyphenol oxidase, catalase and peroxidase
showed higher activity in semi hard wood cutting compare to hard wood cutting. The
activity of polyphenol oxidase and peroxidase was higher in substrate (potting soil
(25%), peat moss (50 %) perlite (25%)).
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The activity of polyphenol oxidase was higher under IBA 500 ppm whereas
the activity of catalase and peroxidase was higher under control IBA (0ppm) followed
by IBA 500ppm.
From the results of this investigation, it can be concluded that hard wood
cutting can be used in the propagation of Tamarix aphylla L plant. IBA 500 ppm can
be used for the hard wood cutting for the propagation of this plant. The combination
of hard wood cutting and substrate (potting soil (25%), peat moss (50 %) perlite (25%))
and IBA 500ppm can be used for the propagation of Tamarix aphylla L plant with
good results. This method will help to standardize the propagation of this plant which
can be used in landscape sector. The combination of hard wood cutting and substrate
(potting soil (25%), coconut husk fiber (25 %), peat moss (25%), charcoal (12.5%),
and perlite (12.5 %)) and IBA 1000ppm can be also used for the propagation of
Tamarix aphylla L plant but our study recommends the first combination. At field level
experiment and economic feasibility analysis are required to ascertain this conclusion,
which will be done as future studies.
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